SOCIETY PIWCEEDINGS. 797 from the resonator was not bettered. One would like to hear a little more about this.
In regard to the question of the relation of tinnitus to the ear lesion, Dr. Wilson had seen cases where it had been possible to localize the pitch of the tinnitus and in some of these cases the pitch of the tinnitus had a very important relation to the nerve involvement. How far further work would bear this out must be left to the future to determine.
Resonators in the study of the physics of hearing have been much used in the past, and the great work of Helmholtz was to a large extent based upon his use of resonators. In drawing deductions one, of course, must recognize that while resonators increase the intensity of the pitch to which they are attuned. they also magnify the amplitude of the corresponding overtones and the corresponding subtones.
Dr. Sonnenschein had drawn attention to a field which otologists have neglected. Dr. Wilson was confident that otologists would pay more attention to the cochlea and audition in the coming years. The cochlea offers a fertile field for investigation, much as the labyrinth did a decade or more ago. One would like to hope that from such work an increased knowledge would come to audition comparable to the knowledge which has come to us of the vesti-bular mechanism.
Dr.J. Holinger was not sure that it was permissible to say that the resonator increased anyone piuticular sound, in the sense that it increases the amplitude of the vibrations. Through its size and configuration the resonator shuts out other sounds, and the one particular sound for which it is made is concentrated through reflection on the inside of the resonator and through the given volume of air which is in that special resonator. In order to increase or intensify a certain sound, that is, to increase the amplitude of the vibrations of that sound, new energy would have to be added to the sound. and a resonator does not produce energy.
Dr. George W. Boot said that we must consider the forces as well as the frequency of the vibrations. The amount of sound depends on these two factors, I.e., the amount of force is the product of the amplitude of the vihrations by their frequency. The resonator shuts out all sounds except the pitch to which it ilil tuned, hence that particular pitch is heard better.
The reason why the sound to which the resonator responds is not heard better in otosclerosis is probably because the sound is not really more forcible, but because other extraneous sounds are kept out by the resonator and these are the sounds that ordinarily would start the stapes to vibrating and permit the resonator's pitch to enter. If the resonator actually made the sound louder it should be better heard in otosclerosis, but if it only seems louder because other sounds are kept out, it is easily seen why it does not improve the hearing in otosclerosis.
Dr. Norval H. Pierce was surprised to learn that bone, conduction was not increased by the resonator in cases of otosclerosis, and wondered whether the same experiments could not be made on bone conduction to see whether the resonator prolonged the bone conduction. It suggested a very' interesting thought that by means of resonators we might be able to eliminate bone conduction in our experiments. One would think that in the use of resonators there would be a certain amount of bone conduction if the resonator was in contact with the bone of the auditory canal. but this did not seem to be the fact.
Dr. Alfred Lewy asked Dr. Sonnenschein to explain in just what manner the resonator apparently increases the sound. There appeared to be a difference in the meaning of certain terms rather than a difference in the actual facts in the case.
Dr. Sonnenschein (closing the discussion) thanked the gentlemen for their kind discussion, and said he was always glad to hear from Dr. Wilson, who had had so much experience in physiology and physical research. It is a fact that every tone has overtones. The first is the octave of the tone used, the next is five tones above that, and the next overtone Is two octaves above the original tone. Often there are five overtones or more. the principal ones being the first three mentioned. He stated that resonators increase or reinforce sounds that have the same pitch as the fundamental tone or multiples thereof. It must be taken into consideration that when the tuning fork is used, the resonator increases the overtone as well as the fundamental tone Itself, but the latter is most. intensified. The fact that the cochlea is being subjected to very serious study at present Is gratifying, especially as in the last few years the vestibular apparatus has claimed most attention.
Replying to Dr. Holinger, the speaker said he realized that one could not create energy or matter and cannot destroy It, but one can transform it. If a troop of infantry has to cross a bridge they are always commanded to break step so that the bridge will not be made to vibrate and possibly collapse. The same is true of the resonator. It picks out the tone which corresponds to Its fundamental note and the repeated Impulses coming at the same moment causes a reinforcement.
As Dr. Boot stated, there can be a change in the force and extent of the amplitude and thereby again changes in the Intensity of the sound, making it louder.
Replying to Dr. Pierce, the two cases of otosclerosis were typical and yet the hearing was not increased at all by the resonator, which intensified the tone of the a' tuning fork.
The work had been carried out on only fifty cases, and Dr. Sonnens-chein said he was not In a position to completely analyze the physical basis on which It rests. He regretted that he I.s not at present in contact with Professor Schaefer, in whose laboratory he had learned many important facts. Only by further study can the subject be elucidated and he is making a humble effort toward this end.
Dr. Charles Robertson read a paper on 
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Texas, where he put in about 100 hours flying. With the experience gained from these three ends he could corroborate what Dr. Robertson said. Probably 90 per cent. of commercial flying will be done under an elevation of 5000 feet and oxygen lack is not a factor until one is 'beyond that elevation. The rebreathing test is important, for if a man is to be a pursuit flyer at 20,000 feet, he must be able to stand that, but a little cold in the head, loss of sleep or a little indigestion will make a difference of 2,000 to 4,000 feet in a test record, and is of no great importance for commercial flying. The tests of the labyrinth are important. A functioning labyrinth must be a part of the man's equipment and without a perfect functioning labyrinth one cannot be sure what he will do, but a properly functioning labyrinth is of no great value to a man unless all other impulses come in right; muscle sense, vision and tactile sense when air currents strike on the cheek and in the face. It . was Dr. Mosher's unpleasant duty while a flight surgeon to take off of flying permanently three different men who had passed "A" grade, which meant there was no limit to the man's endurance, according to the rebreathing test, and he could pass perfectly in the rotation chair. These men were all right in taking the ship off the ground and were all right in any altitude, but if they threw a ship into a side slip and came down in "nothing flat," those men-apparently through nothing that he could flnd except the sudden change in pressure-would lose control of themselves. Those men with a blood pressure of 130 m.m. of mercury before they flew had 90 m.m. of mercury afterward. Whether this was "nerves" or a direct result of failure of the circulatory apparatus, the fact remained. They were men who were absolutely unsafe, and yet their rotation tests and rebreathing tests showed them to be of the highest type.
Dr. Mosher thought the important thing to bear in mind was that the otologic test for fliers had been played up as the most important in Governmental work, while the fact is that the result of sudden change in atmospheric pressure, as experienced in actual flight, is more important than anything that a man will show in a rotation chair or in rebreathing tests; in his judgment, too great importance has been attached to repeated tests of labyrinth, and to rebreathing tests, and altogethe,r too little value placed on the results of rapid changes of atmospheric pressure.
Dr. J. Gordon Wilson said he had listened with interest to Dr. Robertson's paper. Dr. Wilson's experience with the fliers had been early in the war, when our knowledge of'the relation of aviat 'on to otology was still very hazy. Looking back to that period, it is evident that otologists have journeyed far from the position they held in 1917. To mention but one example, it is recognized that some tests believed then to be of prime importance are now considered much less essential. It has been recognized that the stress laid on nystagmus and in past pointing have not the importance that one thought they had, and no one, so far as he knew, has demostrated that nystagmus and past pointing are related to flying ability.
Dr. Wilson thought Dr. Robertson was mistaken in saying that the authorities in Washington had said that the vacuum chamber was no good. Dr. Wilson believed it would be more correct to say that they believed a vacuum chamber gave accurate scientific data, but that it had been tound by experience that such chambers were not suitable for routine examinations.
In regard to the question of oxygen tension,' everyone who had anything to do with aviators was aware of the importance of oxygen. Dr. Rober.tson had spoken of men coming down exhausted and sleeping for hours. It had been found that if these men were supplied with oxygen, they quickly revived and showed less afterfatigue. What one desired was to ascertain the essentials nec--essary to safe flight and how, under the various conditions arising during flight, this safety mechanism could be disturbed, and how against such disturbances the flier could be safeguarded. Though recognizing fully the importance of alterations in atmospheric pressure with the resulting alteration in oxygen tension, yet Dr. Wilson was not inclined to give as much importance to this as Dr. Robertson does. Dr. Wilson believes that of more essential importance in determining the ability of a man to fly are (1) his ability rapidly to coordinate the afferent impulses coming in from the ear, the eye and the kinesthetic senses, which are the impulses so essential to balancing, and (2) the control, largely automatic, which the aviator develops over this coordinating mechanism. It is this control, this· automatic adjustment of the afferent impulses and their efferent responses, influenced undoubtedly from higher centers, which is conspicuously present in our best fliers and faulty 1Vhen the flier goes stale.
Dr. Frank F. Novak, Jr., asked how the matter of nystagmus time was observed in this work. The method of looking at the eye from the side and timing it with a stop watch was unreliable and grossly inaccurate. A much better plan is the use of It reading microscope mounted on the side to observe the nystagmus movements, but even that is not as accurate as another method which had been devised at Urbana, that of using a "singing flame." This is simply a gas pipe with a small jet. The gas flame :s about the thickness of a match and about one-fourth or one-half inch high. Over this flame is passed a glass tUbe of a definite length. The flame vibrates and produces a tone like a high pitched tone of the organ. In a dark room, looking straight ahead, one sees just one streak of flame, but if the eyes are moved from right to left it is no longer a single flame but a jagged series of lights. That is applied in measuring nystagmus time, depending upon the report of the individual whose nystagmus is being measured. While the nystagmus lasts, instead of seeing a single flame the individual sees a jagged series of flashes. When the nystagmus stops he sees only a single flame. This is one of the most accurate methods of measuring nystagmus that has been discovered to date. The work is being done by Bentley and Griffith at the University of Illinois.
. Dr. Norval H. Pierce said he had not had much experience during the war other than turning something like 2,000 aviators in testing their labyrinth function. He believed the whole thing is a matter of development, and that we probably will arrive at entirely different conclusions in the future than those arrived at during the SOCIETY PROCEEDINGS. 801 stress of war, but that the' Department did the best it could in testing out aviators by the methods ,adopted.
Dr. Pierce asked Dr. Novak how long a nystagmus, which is considered normal, is found by the use of the singing flame, and what was the difference between the character and duration of nystagmus as measured by the ordinary methods and that measured by the singing flame.
Dr. Novak (replying to Dr. Pierce) said the test was rather characteristic. The time was greatly lengthened; he could not tell the number of seconds exactly but the reading by means of the vibrating flame is considerably longer than with the eye. If four or five observers watch the same eye and click their watches, there is a variation sometimes of three, four or six seconds, and sometimes the nystagmus ceases, but looking at it closely one sees a little left-a flne fibrillary twitching. The jagged light is very pronounced at first, then gradually gets finer, then ceases for a second, and then stops with a very fine motion.
. Dr. Pierce thought this test by the singing flame seemed to depend upon the subjective sensation of the individual and believed he would rather depend upon the old method in examining recruits for aviation than to trust to a man's reported sensation. The inhibitionof nystagmus is very interesting and is one of the problems being actively investigated at present. In the opinion of Dr. Pierce, there is an inhibitory mechanism which is disconnected from the will than enters into this phenomenon, and that belief is based upon the fact that when a man is turned and he vomits, the nystagmus ceases immediately the vomiting occurs. The nystagmus does not diminish but ceases instantaneOUSly, and Dr. Pierce did not agree with Dr. W'ilson that this is altogether a matter, of control, but considers it a matter of automatic inhibition. He believed control could be cultivated under the will. There are two factors, a subconscious inhibitory mechanism and also a mechanism which is directly subservient to the will.
Dr. Wilson, replying to Dr. Pierce, said that control comes from the highest senses to the lower senses; call it inhibition or What one likes, it is control.
He thought Dr. Novak would photograph the method he described and get it under black and white, and thus do away with the things Dr. Pierce objected to. In his opinion Dr. Novak had something worth working out.
Dr. Charles M. Robertson stated that the reduction of nystagmus is not in the Army Medical Book. That was in the paper on the results of his investigation, which was published three years ago: In the Government book the statement is made that nystagmus will be lessened on repeated turning, but it does not give any figures at all. Dr. Robertson found the diminution in vertigo or in nystagmus after placing it man in a vacuum chamber for six minutes and takin~him out was equal to 50 per cent. in most cases. There could not be any inhibition or I!Ontrol in that length of time, the man did not know what he was doing and one seance was not enough to educate him on control. The usual· stop watch method' was used in taking the' nystagmus time and they could not be expected to have nsed a' singing flame, as it was unknown three years ago, and he would not adopt it now as there were more desirable tests which did not rely upon the patient's response, which would Dot be accurate.
When they tested a man of average intelligence they had the man signify when his vertigo disappeared. They were never four seconds out of tune on the nystagmus period and the nystagmus time as experienced by the man and taken with the stop watch was almost the same, never being of appreciable variation. If one said to the man, "When your vertigo ceases say 'Now,''' he would say "Now" just as his eye motions would stop. That became to Dr. Robertson constant enough that in actual work in the field he would not look at the man's eye at all, and the same man tested over and over would not vary a second.
Regarding the reduction in vertigo by the vacuum test, one test of six minutes duration was not enough to train anybody in anything, but at the same time the vertigo was reduced. Even if there was a mistake of three seconds, as suggested by one speaker, in 30 or 40 per cent. the vertigo was less than before. A man who had a pulse of 72 and a blood pressure of 80D-1208-there were certain types of men who, when they come out, had a diastolic of 90 and a systolic of 140 and the nystagmus was practically the same. On the other hand, a man who went in with 80 diastolic and 130 systolic would come out with a diastolic of '70 and a systolic of 120, and his nystagmus much reduced. In other words, some were stimulated with the stimulation in the labyrith with a rise in the blood pressure, some with a quickened pulse, some with lowered, but most with the quickened and the nystagmus the same, while, on the other hand, the blood pressure was depressed and the muscle tone depressed with the nystagmus shortened. Dr. Robertson recalled one big man who went in with a pressure of 80 diastolic and 135 systolic and came out with the nystagmus just about, normal, but who had a syncope which lasted for several minutes and the systolic pressure 90 and the diastolic something like 50. Muscle fatigue can be tested more accurately with the accommodation or "near point", which is a very good test.
Dr. Robertson thought it looked as though there was in some an increase in the blood content of the labyrinth-a hyperemia and, therefore, an increased activity of the labyrinth-while there was an anemia in the labyrinth in the cases of reduction of the nystagmus due to a less stimulated labyrinth. That is his impression at present. The man that is stimulated when he goes into the air is the man who is going to come back. The man whose blood pressure is depressed is on the road to syncope and anemia in the entire body with the labyrinth which, if it continues, causes the man to become unconscious and that is the end of it as far as his flight is concerned.
Dr. Robertson had no intention of criticizing the Government; he thought they did their best, but believed they were barking up the wrong tree. He had had quite a lot of correspondence and conversation with the Department, which had all been friendly and not antagonistic.
Another point to' be considered was the loss of carbondioxid in the blood. In a conversation with Prof. Green of the University of Missouri, it was agreed that he would take up this proposition at Mineola and see if there was anything in it, but it was never done. He had taken the vacuum test at Mineola and thought it was not good. The vacuum chamber was large and the pump was not powerful enough to produce conditions similar to flight. One man would take oxygen, some none, and some a little, and Dr. Robertson thought he was fair in saying that the test was of little scientific value therefore. He thought he was fair in stating his opinion. as the matter is a scientific question and anyone had a right to express his opinions. He was conversant with what the English thought of it, and Birkley had said that the oxygen want was not of so much importance as it was thought to be. It seemed to Dr. Robertson that the blood pressure change is the dominant factor.
